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Abstract 

We propose a simple and natural model of dynamical supersymmetry breaking, which 
could be used as a mechanism for spontaneous supersymmetry breaking in a gravitationally 
coupled hidden sector. The gaugino masses in the visible sector are naturally of the same 
size as the squark, slepton, and gravitino masses. 
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1. Introduction 



Dynamical Supersymmetry Brealcing (DSB) is an attractive explanation of the 
large hierarchy of scales introduced to describe fundamental physics. The usual minimal 
supersymmetric extension of the standard model, known as the MSSM, is based on the 
assumption that supersymmetry is spontaneously broken at a scale of ~ 10^^ GeV in a 
"hidden" sector, with soft supersymmetry breaking mass terms of order ~ 10^ GeV arising 
in the visible sector from supergravitational effects. The MSSM scenario still requires the 
input of a large (10^) hierarchy between the Planck and supersymmetry breaking scales, 
which could be explained by DSB. The aim of this paper is to give an explicit example of 
supersymmetry breaking in the hidden sector with the following attributes: 

1. The supersymmetry breaking in the hidden sector is dynamical. The only explicit scale 
in the theory is the Planck mass mp, with any other scales deriving from dimensional 
transmutationS. 

2. The supersymmetry breaking is described by an effective supersymmetric gauge theory 
with a stable, nonsupersymmetric ground state at field strengths which are much 
smaller than mp. 

3. Visible sector gaugino masses of the same size as the squark and slepton masses can 
arise naturally, which translates into a requirement that the hidden sector should 
contain a gauge singlet field with an F term as large as any other F terms in the 
theory. 

The reader may be sceptical about the necessity of this exercise as there are already 
several proposals in the literature for hidden sector dynamical supersymmetry breaking. 
However the existing models all fail to satisfy either the second or the third criterioni. 
Our rational for imposing these criteria is as follows. 

^ Except for a constant in the superpotential needed to tune the cosmological constant to zero. 
We hope that such tuning might eventually be described by effects within a nonsupersymmetric 
effective theory of quantum gravity, and will not depend on the details of the effective Lagrangian. 

^ While this work was in the process of completion I learned about some overlapping indepen- 
dent work on the subject of hidden sector DSB by R. Plesser and Y. Nir Q. 
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Most proposed hidden sector DSB models have a ground state at field strengths which 
are as large or larger than the Planck scale. Furthermore it is frequently stated that in 
these models supersymmetry is spontaneously broken by supergravitational effects. One 
should be able to redefine the field content of these models to study the effective theory of 
light excitations about the ground state, which in the reformulated theory occurs for fields 
with small expectation values and conventional kinetic energy terms. This effective theory 
should be supersymmetric and should describe spontaneous supersymmetry breaking at a 
scale well below the Planck scale. Then there is a simple argument, due to Weinberg 
that in such an effective theory the supersymmetry breaking will persist in the fiat space 
limit where the effects of supergravity are turned off. In the presence of supergravity the 
scalar potential is 

V =e^-^'^l'^l {{KlY^ (VF", + %T:K,Wlm%) {^^^ + STri^^M^/mf,)* - 247r|Vl^| V^f,) 

(1-1) 



1 I 



2 A 



Here W is the superpotential, K is the Kahler potential, and the are chiral superfields. 
If the equations 

{Wi + MKiW/m].) = 0, all i 

. . (1-2) 

have a solution then this solution is both supersymmetric and an extremum of the potential 
( p. . 1|) , so supersymmetry is not broken. Weinberg argues that if a solution for a globally 
supersymmetric ground state exists 

W, = 
K,tA]ctP =0 

then a small perturbation of this solution gives a solution to ( |1 . 2| ) which is locally super- 
symmetric, and which is a local minimum of the potential ( p. . 1|) . Thus in order to obtain 
a model with local supersymmetry breaking one should first find a globally supersymmet- 
ric theory without a supersymmetric ground state. Therefore in this letter we focus on 
breaking global supersymmetry spontaneously. Supergravity can then be treated as a per- 
turbation which leads to small but important effects, such as soft supersymmetry breaking 
in the visible sector. 



;i.3) 



It is well known |^ that global supersymmetry breaking can occur at tree-level in mod- 
els which introduce the scale of supersymmetry breaking as a parameter in the tree level 
Lagrangian — and perhaps this is the correct low energy effective field theory description 
of some nonperturbative effect arising from Planck scale physics. 

We find it more plausible that an effective theory of DSB explains the hierarchy be- 
tween the supersymmetry breaking and Planck scales. Viable examples of DSB have been 
constructed where visible renormalizable gauge interactions communicate supersymmetry 
breaking radiatively to squarks, sleptons and gauginos 0. However Affleck, Dine and 
Seiberg pointed out that in hidden sector DSB models it appears to be difficult to 
give the ordinary gauginos a reasonable mass. A gaugino mass term must come from the 
following term in the effective supersymmetric Lagrangian 

(fef{X,/mp)Wc,W + h.c. (1.4) 

where /, the gauge kinetic function, is a holomorphic function of Xi, the chiral superfields. 
Supergravitational (and other nonrenormalizable effects aring from Planck scale physics) 
gives squark and slepton masses of order the gravitino mass m3/2 ~ (1/mp). Phenomeno- 
logically viable gaugino masses should also arise at 0(l/mp) and so / should contain a 
term linear in a chiral superfield which has an F term of order the supersymmetry breaking 
scale squared. Such a gauge kinetic function can only be gauge invariant if this superfield 
is a gauge singlet. However in known DSB models there are no gauge singlets participating 
in the DSB dynamics, and finding new DSB models, especially ones with gauge singlets, 
is nontrivial [^. 

One possibility is to gauge a global symmetry of a known DSB mo dei and then 
use this new gauge group to feed supersymmetry breaking radiatively to a gauge singlet. 
Then this gauge singlet obtains an F-term at one loop, and one expects gaugino masses 
in the visible sector to be suppressed relative to squark and slepton masses by this loop 
factor. It would be interesting to know, however, whether such light gaugino masseJi are 



Note that simply gauging a global symmetry of a DSB model never restores supersymmetry, 



as argued in ref. [|10 |. 



^ There remains a phenomenologically viable window for such light gaugino masses . Other 



ways of extending the visible sector to give the gauginos a mass were studied in [12|. 



a necessary consequence of hidden sector DSB. 

In the next section we will show how in a modified version of a known DSB model, 
gauge singlets do get F terms as large as 0{M^) ~ TO3/2WP, and Planck scale physics can 
easily produce ordinary gaugino masses as large as the squark and slepton masses. 



2. A Hidden Sector Model of Dynamical Super symmetry Breaking 

Consider the gauge group SU(7) with matter content 

A = 21, i^: = 7,z = 1,2,3 , (2.1] 



(A is the two-index antisymmetric tensor). 

The model was originally studied by Affleck, Dine and Seiberg (ADS) 0. They noted 
that no superpotential could be dynamically generated, and that in the absence of a tree 
level superpotential there is a classically flat direction with 

Fi = (1/ VS) ( (/) 0), 

F2 = (l/V3)(0 (^ 0), 

(2.2) 

i^3 = 0, 

AU = diag{\<j)''\/6,\<j)^\/6,0,0,0,0,0) , 

(global SU(3) rotations of this direction are also flat). For (p large, the low energy effective 
theory includes SU(5) with a 5 + 10, and a light gauge singlet "dilaton" field (j). The scale 
at which the SU(5) theory becomes strong is 

A5 = </>-4/i3Aj7/i^ . (2.3) 
Since there is strong evidence that the SU(5) effective theory dynamically breaks super- 



symmetry at a scale Mg ~ A5 |13] we expect that the dilaton slides off to infinity and the 



theory has no ground state. ADS then noted that if one adds a superpotential, e.g. 

W = AF2F3 , (2.4) 

then there are no classically fiat directions, and there is a stable vacuum with supersym- 
metry spontaneously broken. Complete quantitative understanding of the dynamics of the 



supersymmetry breaking and the particle spectrum involves strong interactions and is not 
"calculable" . 

Let us now take this SU(7) theory, (without the superpotential (|2.4|) ), and add 3 gauge 
singlet fields 

X„z = l,2,3 (2.5) 
with (nonrenormalizable) superpotential couplings 

W = (1/mp) ^rjkKX.AFjFk . (2.6) 

i,j,k=l,2,3 

This theory has no classical fiat directions involving SU( 7) -colored fields although the 
X's are undetermined classically when SU(7) is unbroken. Note that that mass and self 
coupling terms for the X's can be eliminated by an R symmetry under which the X's have 
zero charge, and this R symmetry allows the gauge kinetic functions to depend on the 
X'J. A dimension four term such as ( |2.4| ) can be made zero by shifting the Xi fields. 

Now there is competition between two couplings. The SU(7) dynamics would like (p 
to be large in order to reduce the scale of supersymmetry breaking. However due to the 
superpotential ( p.6|) , assuming the A^'s are all of order one, there is always an F term for 
one linear combination of the X's which has size cj)^ /nip. The potential is minimized for 
cj) of order 

</> ~ Kf"''^mf'^ . (2.7) 
which gives a supersymmetry breaking at a scale 

M, ~ (jy" Imp ~ Kfl^'^m"^-^!^'^ . (2.8) 

In Appendix A we show that for (\) non zero, the potential also eliminates the fiat directions 
for the scalar components of X^. The tree level potential gives the X scalars a mass of 
order 

Mx ~ Ml 14) . (2.9) 

The F term for one linear combination of the gauge singlets Xi is of the same order as 
the supersymmetry breaking scale and provided that the ordinary gauge kinetic function 

^ We thank Michael Dine for this comment. 
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contains a term like ( |1.4| ) which is hnear in the X's the ordinary gauginos wiU get a mass 
of the same size as the supergravity-induced squark and slepton masses. If A7 is about 
~ 10^^ GeV, then the gravitino mass will be of order 10^ GeV. Superpartners in the visible 
sector will have masses of order the weak scale. The hidden sector scalars X have masses 
around 3 x 10^ GeV and do not lead to any "Polonyi-type" P,p^ cosmological problem^. 
There is a Goldstone boson, due to spontaneous R symmetry breaking at a scale (j) ~ 10^'^ 
GeV. This Goldstone boson could play the role of an invisible axion in the ordinary 
QCD sector and solve the strong CP problem. However we expect to softly break the 
R symmetry by explicitly adding a constant to the superpotential in order to fine-tune 
the cosmological constant to zero — this explicit symmetry breaking will give the axion a 



large mass rendering the axion irrelevant both for cosmology and for the strong CP 
problem. 

Now that we have an explicit example, we can present an algorithm for finding models 
of DSB with gauge singlets. Take a chiral gauge theory which is known to have D flat 
directions and no supersymmetric ground state, add a number of gauge singlet superfields 
equal to the number of flat directions, and add a tree level superpotential which couples the 
gauge singlets to the gauge invariant polynomials of chiral superfields which parametrize 



the flat directions [IT3, so that the only remaining classically flat directions have unbro- 
ken gauge symmetry. Most of the resulting models do not have a stable supersymmetry 
breaking ground state, but our example is not the unique DSB model which could serve 
as a supersymmetry breaking hidden sector. 



3. A Dilaton Problem? 

We have not included the dilaton predicted by string theory, and so do not have the 
"dilaton problem" of a supersymmetric ground state fl^ at infinite dilaton field strength. 



If we assume our model arises as the low energy limit of a string theory we must also assume 
that some other mechanism (not associated with supersymmetry breaking) stabilizes the 



^ The analysis of hidden sector scalar masses in ref. Q does not apply here or to any model 
where the fiat directions are lifted by nonrenormalizable terms in the superpotential. 
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superstring dilatonll. One might worryl that since our superfields have dilaton-hke 
couphngs to gauge fields, as in eq. ( |1.4|) , there is an direction associated with some Xi ^ oo 
in which supersymmetry tends to be restored. However, unlike in the case of the superstring 
dilaton, we have no theoretical reason to severely constrain the Xi couplings, and so there is 
no way to decide, (without input from short distance physics) whether the gauge couplings 
get stronger or weaker as — oo, and whether supersymmetry is restored in this limit. 
In any case, the contribution to the mass squared of the Xi particles near the origin of 
field space from the dependence of the gauge coupling constant on the vev {Xi) is of order 



AM 



2 



M. 
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Xi=Q 771%, 



(3.1) 



which is smaller by a factor of cfP' /m?p ~ lO"^'^ than the contributions (eq. (|2.9|) ) we have 
already considered. 



4. Discussion 

We have shown that it is possible to find an effective theory which dynamically breaks 
supersymmetry in a hidden sector, has a stable ground state with all field expectation 
values well below the Planck mass, and which can naturally give visible sector gaugino 
masses of the same order as the squark and slepton masses. The model does not suffer 
from any of the cosmological problems associated with very light, gravitationally coupled 
scalars. We see no experimental consequences of this model other than the usual ones 
associated with supersymmetric extensions of the standard model — in particular we do not 
see how to compute rather than estimate the superpartner masses, and this construction 
does not help explain the absence of flavor changing neutral currentJi. Our model does 
serve as an existence proof that the assumptions leading to the MSSM can be realized in 
a self-consistent effective fleld theory exhibiting dynamical supersymmetry breaking. 



For instance in some models with two or more gauge groups and no matter, there is a 



supersymmetric minimum with a stable dilaton, [g^. We could simply add a such a dilaton 
stabilizing sector to our theory. 

^ We thank M. Dine for correspondance on this point. 

^ If we assume the validity of string theory and can find an extension of this construction which 



involves the superstring dilaton in the DSB dynamics, we could gain predictivity [20|. 
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Appendix A. Potential for Light Scalars 



The classical scalar potential may be derived from the superpotential ( |2.6D . The 
vaccuum state lies along an SU(7) D flat direction, with some field strengths well above 
the scale Ay, where the effective theory has gauge group SU(5) and the following chiral 
superfields: a light 10 + 5, ^1,2,3, and 3 SU(5) gauge singlet chiral superfields. The 
effective theory breaks supersymmetry dynamically at the SU(5) scale. If we consider the 
effective theory at a short distance scale where it is weakly coupled, we can use the classical 
potential derived from ( |2.6| ) to find the dilaton and Xi scalar masses. For simplicity we 
taking Ai = -\/2 = A2 = V^As, and expand about the D fiat directions: 



A 



F2 



( (^/Te o\ 

-(^/Te 00000 

00000 

00000 

00000 

00000 

00000/ 



e'" (cos^cosV' -sin?/; O; 
e''^ (cos^sini/; cos?/; 0) 



(A.l) 



F3=-^(sin^ 
V3 
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(6*, ifj, a and (3 are real). We find the potential 
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2 




2 
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Fp2 

^2 
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^3 
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^3 



(note that all other F terms are zero) 
(l-icos(2^)) 



9m?p 



(A.2) 



+ 



2(^4 


{l^3| 


9mp 





+ 2 1X2!^ (1 + 2 sin^ ij; sin^ ^) + 4Re (^XiX^e'^'^'^^^ sin(2V') sin^ 6* 
- 2y2sin(2^)Re [x; (Xie^" cos i/^ + ^26*^ sini/')] 



If classical physics were the whole story this potential would just drive the theory to a 
supersymmetric state with ^ = 0. However DSB from the SU(5) gauge theory gives a 
contribution 



-16/13 ^68/13 
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(A.3) 



to the potential (note that eq. ( [A .31 ) is valid only for \(/}\ ^ Ay), and the potential is 
minimized for (f) ~ A^^^^^mp^^^^, ^ = 0, ^1,2,3 = 0, with all noncompact flat directions 
lifted. Most scalars obtain mass of order (p"^ /mp ~ /(p from the classical superpotential, 
except those associated with 4 compact flat directions of the potential, which are the result 
of the spontaneous breakdown of exact global symmetries of the superpotential. Either 
nonrenormalizable terms in the Kahler potential, or still higher dimension terms in the 
superpotential, or supergravitational effects, could explicitly break these global symmetries 
and lead to substantial pseudo Goldstone boson masses. 
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